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Quartz  g lass  has e x t r e m e l y  high chemica l  r e s i s t a n c e  to acid and alkal i  solut ions.  The only acid that  
r e a c t s  compara t ive ly  rap id ly  with quartz  g lass  is hydrof luor ic  acid,  but the r e s i s t ance  of the glass  to 
this reagent  is st i l l  high. 

Solution of quar tz  g lass  p roceeds  by the reac t ion  

SiO= + 6 HF Z H= SiF~ + 2 H=O. 

T rea tmen t  in hydrof luor ic  acid is widely employed when it is n e c e s s a r y  to clean the su r face  of quartz  
- g l a s s  a r t i c l e s .  

In p rac t i ce ,  it is often n e c e s s a r y  to r emove  the sur face  l aye r  of quar tz  g lass  to a definife depth. F o r  
this  purpose ,  one mus t  know the ra te  at which quartz  g lass  is etched in hydrof luor ic  acid solutions of dif-  
fe ren t  concentra t ions .  

Our invest igat ion of the etching kinet ics  of quartz  g tass  at HF concentra t ions  between 10 and 45 m a s s  
% was conducted at  room t e m p e r a t u r e .  We studied the t e m p e r a t u r e  function of the etching ra t e  a t  20-80~ 
for  20% HF solution. The t e m p e r a t u r e  was measu red  with a g lass  t h e r m o m e t e r  placed in a sheath f ab r i -  
cated f r o m  thin polyethylene f i lm.  Etching was c a r r i e d  out without agitat ion of the solution. A f r e s h  acid 
solution was used for  each exper iment .  

300 

200 

100 

! 

Z 5 

x 6 ~~++~ .,. 
f 4 6 %h 

Y, 

~0 

50 

~0 

70 

/h a 

./ 
ID 20 NHr,'/. 

~v/h b 

Fig. I Fig. 2 

a? 

2,O 

I I i 1 

Fig. 3 

Fig.  1. Etching kinet ics  of quartz g lass  in hydrofluoric  acid Solutions with different  concentra t ions:  1) 45% 
HF; 2) 38% HF; 3) 35% HF; 4) 32.5% HF; 5) 20% HF; 6) 10% HF. 

Fig. 2. Dependence of etching r a t e  of quartz  g lass  on: a) h~/drofluoric acid concentrat ion;  b) square  of hy- 
drof luor ic  acid concentrat ion.  

Fig. 3. Etching ra t e  of quartz g lass  in hydrof luor ic  acid (20%) as a function of t e m p e r a t u r e .  
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The q u a r t z - g l a s s  specimen,  in the form of a ball about 10 mm in d iameter ,  was placed on a platin- 
um-wi re  grid and immersed  in a Teflon beaker  containing the acid solution. The specimen diameter  be-  
fore  etching was measured  with a m i c r o m e t e r  (the resul ts  were the averages  of 10 measurements) .  When 
the thickness of the dissolved layer  was small ,  it could not be determined with high accu racy  by using a 
m i c rome te r .  The layer  thickness was therefore  calculated f rom the loss of specimen mass .  Weighing was 
conducted with VLT-1  microanaly t ic  sca les ,  to within 0.00001 g. 

The difference in the specimen masse s  before and after  etching/Xp was calculated f rom the formula  

P= ~ [R03 --(R0--~)31p, h 

where R 0 is the radius of the original specimen,  5 is the thickness of the dissolved layer ,  and p is the den- 
s i ty  of the quar tz  glass .  Hence, 

3 3 3hp 

The resu l t s  of our exper iments  are  presented in Figs.  1-3. 

It can be seen f rom these graphs that:  

1) the thickness of the dissolved layer  was proport ional  to the t ime with a given acid concentrat ion;  

2) the etching rate  of quartz glass at room tempera ture  increases  in di rect  propor t ion to the square 
of the hydrofluoric  acid concentration; 

3) the etching ra te  increases  exponentially with tempera ture .  

Using Figs.  1-3 as a guide, one can thus calculate the acid concentrat ion and etching t ime n e c e s s a r y  
to remove a glass  layer  of des i red  thickness.  
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